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Abstract: Blood samples are extensively used for the molecular diagnosis of many 
hematological diseases. The daily practice in a clinical laboratory of molecular diagnosis in 
hematology involves using a variety of techniques, based on the amplification of nucleic acids. 
Current methods for polymerase chain reaction (PCR) use purified genomic DNA, mostly iso- 
lated from total peripheral blood cells or white blood cells (WBC). In this paper we describe a 
real-time fluorescence resonance energy transfer-based method for genotyping directly from 
blood cells. Our strategy is based on an initial isolation of the WBCs, allowing the removal 
of PCR inhibitors, such as the heme group, present in the erythrocytes. Once the erythrocytes 
have been lysed, in the LightCycler® 2.0 Instrument, we perform a real-time PCR followed by 
a melting curve analysis for different genes (Factors 2, 5, 12, MTHFR, and HFE). After testing 
34 samples comparing the real-time crossing point (CP) values between WBC (5x1 0 6 WBC/mL) 
and purified DNA (20 ng/uL), the results for F5 Leiden were as follows: CP mean value for 
WBC was 29.26±0.566 versus purified DNA 24.79±0.56. Thus, when PCR was performed 
from WBC (5xl0 6 WBC/mL) instead of DNA (20 ng/uL), we observed a delay of about 
4 cycles. These small differences in CP values were similar for all genes tested and did not 
significantly affect the subsequent analysis by melting curves. In both cases the fluorescence 
values were high enough, allowing a robust genotyping of all these genes without a previous 
DNA purification/extraction. 

Keywords: real-time PCR, LightCycler® 2.0 Instrument, melting peak, FRET, white blood 
cells, lysis, erythrocytes 
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Introduction 

The procedures used for DNA purification from blood cells in a laboratory of molecu- 
lar biology in hematology tend to be tedious, consuming both financial and temporal 
resources. With this in mind, several authors have already developed new methods 
to avoid or simplify the extraction and purification step of the nucleic acids. 12 To 
date, different experimental approaches have described the possibility of performing 
polymerase chain reaction (PCR) or real-time PCR directly from cells. 310 In the case 
of blood samples, these methods were mostly aimed at blocking the PCR inhibitory 
capacity of some blood components, such as the heme group of erythrocytes, or eth- 
ylenediaminetetraacetic acid (EDTA). 11 In this paper we describe our strategy based 
on an initial lysis of the erythrocytes. This strategy was already suggested by de Vries 
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et al 12 for conventional PCR. The isolation of the white blood 
cells (WBCs) allows the removal of PCR inhibitors, such as 
the heme group. After the lysis procedure we collected the 
WBCs in phosphate buffer solution (PBS) and introduced 
them directly into the real-time PCR mix. For DNA releas- 
ing from the cells, we took advantage of the strategy already 
described in the literature, based on the application of succes- 
sive heat-cool cycles, already included in the PCR cycles. 3 
Thus, the heat-cool cycles allow the release of DNA from the 
cells (Figure 1). In order to determine the robustness of the 
method in this study we included different polymorphisms 
frequently found in patients suffering from thrombosis or 
hereditary hemochromatosis: Factor 2 (G20210A); Factor 5 
Leiden (G1691 A); Factor 12 (C46T); MTHFR (C677T); and 
HFE (H63D/C282Y). The PCR conditions established in our 
protocol efficiently amplify the different genes studied with- 
out the need for a previous DNA extraction. Melting curve 
studies were as robust as those obtained from purified DNA. 
This procedure gives a rapid way of genotyping directly by 
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Figure I Protocol scheme for real-time PCR without DNA extraction. 
Notes: The protocol is based on an initial lysis stage of the red blood cells that 
remove PCR inhibitors such as the heme group from the PCR mix. After isolation 
of the WBCs, the different heat-cool cycles of the PCR extract the DNA from the 
cells, allowing the amplification of several genes. 

Abbreviations: PCR, polymerase chain reaction; WBCs, white blood cells; EDTA, 
ethylenediaminetetraacetic acid; PBS, phosphate buffered saline; min, minutes. 



PCR from a sample without extracting DNA, thereby reduc- 
ing time and workload significantly. 

Material and methods 

Patients, blood collection 
and white blood cell isolation 

The study included peripheral blood from 34 patients and 
was approved by the Ethics Committee of the Balearic 
Islands (CEIC-IB). Peripheral blood was collected into tubes 
containing EDTA. Among the samples, we included a mix- 
ture of mutant alleles for F5 (G 1691 A, n=4), F2 (G20210A, 
n=7), F12 (C46T, n=12), MTHFR (C677T, n=2) and HFE 
(H63D, n=2/C282Y, n=3). A milliliter of peripheral blood was 
obtained from the EDTA tubes. Red blood cells (RBCs) were 
lysed for 10 minutes in 9 mL of lysis buffer (8.22 g ammonium 
chloride [NH 4 C1], 1 g sodium bicarbonate [NaHC0 3 ] and 
0.037 g EDTA dissolved in 1 L ddH 2 0). We then washed 
and resuspended WBCs in 200 |iL of PBS (IX) (Table 1). In 
order to standardize the samples for the real-time PCR reac- 
tion, cells were counted in a Scepter™ 2.0 Automated Cell 
Counter (Merck Millipore, Billerica, MA, USA) and adjusted 
to 5xl0 6 cells/mL. Genomic DNA from the same samples was 
extracted from 200 |lL of peripheral blood using the QIAamp 
DNA Blood Mini Kit following the manufacturer's instruc- 
tions (QIAGEN, Venlo, the Netherlands). Once isolated, the 
DNA was dissolved in 50 |lL of dilution buffer and quanti- 
fied in an Ultrospec 4300 pro spectrophotometer (Amersham 
biosciences, Piscataway, NJ, USA). The DNA concentration 
was adjusted to 20 ng/|iL. Two microliters of the WBCs 
(5xl0 6 cells/mL) or DNA (20 ng/|iL) preparation was added 
to a LightCycler® 2.0 Instrument capillary (Roche Diagnostics 
Corporation, Indianapolis, IN, USA) containing 8 jlL of the 
PCR reaction mixture (Tables 2 and 3). Samples were blinded 
and all of them were a mixture of normal, heterozygous, or 
homozygous cases for all the mutations analyzed. 

Real-time PCR and melting analysis 

The method was carried out on a LightCycler® 2.0 Instrument 
and consisted of a first step amplification by real-time PCR 
of the genes to be genotyped. For each gene we used a primer 
pair together with the corresponding fluorescence resonance 
energy transfer probes (FRET). Primers, sensor, and anchor 
probe sequences, as well as reaction mixtures and PCR con- 
ditions used in this paper, are described in Tables 1—4. The 
primer/probe synthesis was performed by TIB MOLBIOL 
(Berlin, Germany). The anchor probe was located in the vicin- 
ity of the mutation and was labeled at its 5' end with Red 610 
for F2, Red 640 for F12, HFE (C282Y/H63D) and MTHFR 
(C667T), or Red 705 for F5 detection. 1316 An adjacent sensor 
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Table I Primers and probes 



F5 primers Fw 5'-TGCCCAGTGCTTAACAAGACCA-3' 
Rv 5'-CTTGAAGGAAATGCCCCATTA-3' 

F5 probes 5'-GGCGAGGAATACAGGTAT-3'-FLU 

5'-LCRed705-TGTCCTTGAAGTAACCTTTCAGAAA 
TTCTG-3' 

F2 primers Fw 5'-CCGCTGGTATCAAATGGG-3' 

Rv 5'-CCAGTAGTATTACTGGCTCTTCCTG-3' 
F2 probes S'-CTCAGCGAGCCTCAATG'O-FLU PT-6 1 0 

5'-LC-Red6 1 O-TCCCAGTGCTATTCATGGGC-3' 
F 1 2 primers Fw 5'-TCCCTTCTTCTGCTTCCAGT-3' 

Rv 5 , -ATGGCTCATGGCTGTGATAG-3 / 
F 1 2 probes S'-GGACCAACGGACGGACGCCAO'-FLU 

5 , -LC-Red640-AGGGCTCTGCTGCTCCTGGGGTTC 

CTG-3' 

HFE H63D Fw 5'-GCTCTGTCTCCAGGTTCACACTC-3' 
primers Rv 5 , -CCCTCTCCACATACCCTTGC-3 / 
HFE H63D 5'-CGGCGACTCTCATCATCATAGAACACGAACA-3'- 
probes FLU 

5'-LC-Red705-CTGGTCATCCACGTAGCCCAAAGC 

TTCAA-3' 

HFE C282Y Fw 5'-TGGCAAGGGTAAACAGATCC-3' 

primers R v 5'-CTCAGGCACTCCTCTCAACC-3' 

HFE C282Y 5'-AGATATACGTGCCAGGTGGAGC-3'-FLU 

probes 5'-LC-Red640-CCCAGGCCTGGATCAGCCCCTCATT 

GTGATCTGGG-3' 
MTHFR Fw 5'-AGGCCAGCCTCTCCTGACTG-3' 
primers Rv 5'-AGGACGGTGCGGTGAGAGTG-3' 

MTHFR 5'-TGACCTGAAGCACTTGAAGGAGAAGGTGTC- 
probes 3'-FLU 

5'-LC-Red640-CGGGAGCCGATTTCATCA-3' 



Table 3 Reaction mix 


used for RT-PCR procedure 
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Abbreviations: Fw, forward; Rv, reverse. 



Abbreviations: WBCs, white blood cells; RT-PCR, real-time polymerase chain 
reaction. 



2.0 Instrument. The software provided with this instrument 
(LightCycler® 4.01) gives the melting temperature (Tm) of 
the sensor probes. The detection of the nucleotide variation 
of the gene is based on the fact that the base pair mismatch 
between the sensor/anchor probe and template causes a 
decrease in Tm that can easily be detected by a melting peak 



probe was placed over the mutation (1-5 nucleotides away 
from the anchor probe) and was labeled with fluorescein 
at its 3' end. Immediately after the PCR reaction, melting 
peak analysis was performed on the same LightCycler® 



Table 2 Reaction mix used for RT-PCR procedure 



Reaction mix 


F5 

(single) 


F5/F2/FI2 
(triplex) 


F5/F2 
(duplex) 


Mix hybridization 


4 jiL 


4|iL 


4 jiL 


probes (Plus) 5x 








H20 


8|iL 


1 |iL 


2 jiL 


F5 Fw (4 |iM) 


1 |LlL 


0.2 jiL 


1 |iL 


F5 Rv (4 jiM) 


3 |iL 


3 |iL 


3 |iL 


F5-Flu (4 |iM) 


1 JLtL 


1.2 jiL 


1 JLtL 


F5-705 (4 jiM) 


1 |LlL 


1.2 jiL 


1 |iL 


F2 Fw (4 jxM) 




0.8 |iL 


1 |iL 


F2 Rv (4 |iM) 




1.6 |iL 


3 |iL 


F2-Flu (4 |iM) 




0.6 |iL 


1 JLtL 


F2-6IO(4|iM) 




0.6 \il 


1 |LlL 


FI2Fw (4 ^iM) 




0.4 jiL 




FI2 Rv (4 |iM) 




2.2 \il 




FI2-Flu (4 jiM) 




0.6 |iL 




F 12-640 (4 jiM) 




0.6 \il 




WBCs (5xl0 6 WBC/mL) 


2 jiL 


2 jiL 


2|iL 



Abbreviations: WBCs, white blood cells; RT-PCR, real-time polymerase chain 
reaction; Fw, forward; Rv, reverse. 
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Table 4 Real-time PCR + melting conditions 
Gene F2/F5/1 2 (single, duplex or triplex) 



Cycles Temperature (°C) Time (seconds) Ramp rate (°C/s) 
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95 
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95 
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1 
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95 
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20 


45-50 


95 


15 


95 
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95 
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15 
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95 
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95 


5 
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40 


20 


45 
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45 


15 


20 




80 


0 
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40 


40 


40 


40 


40 





Abbreviation: PCR, polymerase chain reaction. 
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analysis in the LightCycler® 2.0. The polymerases used in the 
PCRs were the LightCycler® FastStart DNA Master PLUS Hyb- 
Probe (Roche Diagnostics Corporation), and the MyTaq™ 
HS Mix (Bioline, Taunton, MA, USA). 

Optimization procedure 
of the real-time PCR 

For the optimization procedure, and based on the evidence 
describing the releasing of nuclear DNA associated with heat- 
cool cycles, 3 we tested different times of denaturation/anneal- 
ing for the PCR protocol. Finally, for all the genes described 
in this manuscript we used 1 5 seconds for denaturation and 1 5 
seconds for annealing steps. The extension time depended on 
the size of the amplicon for each gene. We used positive and 
negative controls already validated by conventional techniques 
(see the section Technique validation). With the aim of maxi- 
mizing the sensitivity of the PCR, we used asymmetric primer 
concentration, which prevented the PCR signal from reach- 
ing saturation. Using an excessive amount of amplification 
primers and allowing the preferential synthesis of the reverse 
strand complementary to the hybridization probes caused a 
significant increase of the fluorescence intensity on the PCR 
FRET-based reaction, greatly improving the sensitivity during 
the melting analysis. 1618 The detection of the different poly- 
morphisms, as well as the efficiency gain with asymmetric 
concentration of primers, was assayed on a single, duplex, or 
even triplex real-time PCR depending on the genes. 

Technique validation 

In order to validate this protocol with a reference method, 
we carried out a sequence analysis in ABI 3100 (BigDye® 
Terminator v3.1; Life Technologies, Carlsbad, CA, USA) 
(data not shown) for all the genes described in the manuscript. 
Moreover, all the samples used to set up this protocol were 
previously genotyped, from purified DNA, with an already- 
validated real-time PCR method. 131619 

Data analysis 

The results from the crossing point (CP) included in this paper 
are expressed as the mean ± standard error of the mean of at 
least ten independent experiments. 

Results 

Blood lysis allows real-time 
PCR and melting curve analysis 
without DNA purification 

We performed a real-time PCR for F5 Leiden with a different 
concentration range of WBCs (60xl0 6 -0.2xl0 6 WBC/mL). 



Amplification and melting curves in Figure 2A show that the 
most suitable concentration of WBCs for the PCR and melt- 
ing analysis was between 0.2-5x1 0 6 WBC/mL. To compare 
the sensitivity of the DNA extraction-free method in front 
of purified DNA (20 ng/|iL), we chose the concentration of 
5xl0 6 WBC/mL. After testing the 34 samples, the CP values 
for the WBC versus purified DNA results were as follows: CP 
mean value for WBC was 29.26+0.566 versus purified DNA 
24.79+0.56 (Figure 2B). Thus, when PCR was performed 
from WBC (5xl0 6 WBC/mL) instead of purified DNA (20 
ng/|iL), we only observed a delay of about 4 cycles. Finally, 
we calculated the DNA concentrations that could be isolated 
from 5xl0 6 WBC. For all the samples we obtained a DNA 
concentration of approximately 10 ng/|iL. These small dif- 
ferences in CP values did not affect the analysis of melting 
curves between the two types of samples (Figure 2B). In both 
cases the fluorescence values were high enough, allowing 
a robust genotyping of F5 Leiden. These differences were 
similar for all the genes tested (data not shown). 

Primer asymmetry increases 

the efficiency of the melting curves 

The performance of a real-time PCR from WBC versus 
purified DNA involves a small loss of fluorescence in the 
melting curves. An optimization protocol based on the use of 
asymmetric real-time PCR was performed in order to increase 
the efficiency of the PCR and thus the melting curves. 
As described in previous publications, 1518 an increased 
asymmetric ratio in the concentration of each primer pair 
included in the real-time PCR reaction mix improved the 
fluorescence levels of the melting analysis without signifi- 
cantly decreasing the CP. This improvement in sensitivity is 
associated with the correction of a moderate "hook effect", 
a sign of a very efficient PCR. In Figure 3, we clearly show 
how the fluorescence levels of the melting curve obtained 
from 5xl0 6 WBC/mL when using asymmetric concentration 
of primers in the PCR mix improves that obtained from a 
real-time PCR, in which previously purified DNA and sym- 
metric concentration of primers are used. Moreover, primer 
asymmetry allows us to increase the number of the PCR 
cycles as the reaction is not saturated. 

Full results concordance between 
the free extraction versus purified 
DNA methods 

When the 34 samples, previously genotyped by sequentia- 
tion or conventional techniques (single real-time PCR and 
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Figure 2 Real-time PCR for F5 Leiden, DNA extraction free method versus purified DNA method. 

Notes: (A) Concentration range of WBCs (60x 1 0 6 -0.2x 1 0 6 WBC/mL) show that the most suitable concentration of WBC for PCR and melting analysis purposes was 
located between 0.2-5xl0 6 WBC/mL. (B) Real-time CP values for the WBC versus purified DNA: CP mean value for WBC was 29.26±0.566 versus purified DNA 
24.79±0.56. PCR from WBC versus purified DNA show a delay of about four cycles in CP. 

Abbreviations: PCR, polymerase chain reaction; WBCs, white blood cells; CP, crossing point; PBS, phosphate buffered saline; -(d/dT), negative derivative of fluorescence 
over temperature. 
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Figure 3 Asymmetric DNA extraction free method versus symmetric purified DNA real-time PCR. 

Notes: We show as the fluorescence levels of the melting curve obtained from 5x 1 0 6 WBC/mL when we use asymmetric concentration of primers, improves that obtained 
from a real-time PCR in which previous purified DNA and symmetric concentration of primers were used. 

Abbreviations: PCR, polymerase chain reaction; WBCs, white blood cells; FLU, fluorescence; -(d/dT), negative derivative of fluorescence over temperature. 
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Figure 4 Genotyping of F2, F5, FI2, MTHFR, and HFE by melting curves. 

Notes: We compared the melting curves for several genes. The protocol without DNA extraction proved to be equivalent, in terms of efficiency, when performed in both 
single and/or multiplex (duplex or triplex) reactions. 

Abbreviations: -(d/dT), negative derivative of fluorescence over temperature; -/-, normal; +/-, heterozygous; +/+, homozygous. 
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Figure 5 Comparison of different DNA polymerases with the free DNA extraction method. 

Notes: We tested alternative polymerases to the Master PLUS (LightCycler® FastStart DNA Master PLUS HybProbe; Roche Diagnostics Corporation, Indianapolis, IN, USA) 
to confirm the reliability of the method. MyTaq (MyTaq™ HS Mix; Bioline, Taunton, MA, USA) proved even more effective for F5 than the LightCycler® polymerase when 
equivalent denaturation times were applied. 

Abbreviation: -(d/dT), negative derivative of fluorescence over temperature. 
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purified DNA), for F5, F2, F12, MTHFR and HFE were 
tested with our DNA extraction free protocol, there was a 
100% match in the mutation analysis (Figure 4). Moreover, 
in order to demonstrate the robustness of the real-time PCR 
from WBCs, we performed a single PCR for F5 (one pair 
of primers/probes), duplex PCR for F5 and F2 (two pairs 
of primers/probes) and triplex PCR F5, F2 and F12 (three 
pairs of primers/probes) on all samples. The results for 
single or multiplex PCRs were equivalent to those obtained 
from the same PCRs performed with purified DNA (data 
not shown). 16 Results were clear, rapid, and reliable, allow- 
ing a significant time saving compared with other more 
lengthy procedures. Finally, we tested the possibility of 
using alternative polymerases to the LightCycler® FastStart 
DNA Master PLUS HybProbe to confirm the reliability of 
the method for multiple polymerases. The MyTaq™ HS 
Mix was shown for F 5 to be even more effective than the 
LightCycler® polymerase when equivalent denaturation 
times were applied (Figure 5). 

Sample conservation 

In order to check how the WBCs can be conserved, once 
resuspended in PBS, we froze different samples at -20°C 
for one week. Then, we thawed the samples and performed 
a real-time PCR. Comparative studies between fresh or 
frozen WBCs showed that results were equivalent (data not 
shown). 

Discussion 

Detection for hemochromatosis and/or hereditary thrombo- 
philia is among the most frequently performed molecular 
diagnostic tests in the hematology laboratory. The number 
of samples received far surpasses other routine molecular 
studies for diagnosis. Currently, one of the most widely used 
techniques for genotyping F5, F2, F12, MTHFR, or HFE 
polymorphisms is the real-time PCR, followed by a study of 
melting curves. 15 20 Normally, and due to the huge number 
of samples received, the extraction and purification of DNA 
prior to the genotyping of these genes is often a limiting step 
for the fast implementation of these techniques. At present, 
the use of automated extractors or DNA purification columns 
are among the most implemented protocols with such a 
purpose. However, all these protocols take up temporal and/ 
or financial resources. With this in mind, we tested the pos- 
sibility of performing a real-time PCR and melting analysis, 
without the need for a previous DNA purification protocol. 
Different components of blood, such as the heme group, are 
likely to inhibit PCR. 11 Thus, we propose executing an initial 
RBC lysis from the peripheral blood sample, to perform a 



real-time PCR directly from the WBCs. For DNA extraction, 
different publications have already suggested that heat-cool 
cycles, already included within the PCR process, are able to 
release the nuclear DNA 3 . Thus, in this context, the possibility 
of amplifying the factor 5 Leiden without the need for the 
prior extraction of the DNA has already been described. 21 We 
show the possibility of performing the genotyping directly 
from WBCs for F2, F5, F12, MTHFR, and HFE. Thus, under 
asymmetric concentrations of primers, both the amplification 
results and fluorescence levels of the melting curves are as 
robust as those obtained from purified DNA samples (20 
ng/jiL). Furthermore, an interesting finding of this study 
is that the technique appears to be effective within a wide 
range of the concentration of WBCs. Amplification curves 
from WBCs (5xl0 6 WBC/mL) only suffer a small delay of 
4 cycles in the CP value versus purified DNA (20 ng/|iL). 
This delay does not affect the subsequent analysis by melt- 
ing curves. However, in order to compensate for this delay, 
we apply asymmetric concentrations of primers whereby 
the phase of saturation of the real-time PCR is suppressed, 
increasing the fluorescence levels. Moreover, we show that 
the results are good enough to withstand the genotyping of 
several genes in single, duplex, or triplex real-time PCR reac- 
tions, demonstrating the robustness of the results obtained. 
Finally, since the protocol is entirely tested with LightCycler® 
FastStart DNA Master PLUS HybProbe polymerases, we tested 
another polymerase (MyTaq™ HS Mix) for the amplifica- 
tion of F5. The results showed no significant differences 
(Figure 5). 

The present protocol represents a rapid DNA extraction- 
free method for the genotyping, based on melting curves, 
of different genes associated with thrombotic events and 
hemochromatosis. The protocol obviates the DNA purifica- 
tion stage, thereby saving time and resources. Furthermore, 
since the manipulation performed on the sample is minimal, 
we may decrease the risk of contamination. Having the 
results of a variety of genes, we assert that this protocol 
will be suitable for the genotyping of almost any inherited 
polymorphism. The next step is to possibly apply this method 
in the genotyping of acquired mutations, such as the Jak2 
V6 1 7F in myeloproliferative syndromes. 15 Further validation 
must be performed to check if in the case of acquired muta- 
tions, the power of the method will be able to equalize the 
sensitivity obtained from purified DNA samples. 
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